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Natural Occurrence and Salient Characters 
r , f  No-nodulating Chickpea Plants 
0. I'. R U p r 1 i . -  
AHS.I'SZY%CI' p l a n t *  w i t h  r c s l r i c t cd  I Z l z i r r l h i z r r r z  s p c c n t ~ i c - i r y .  w h i c h  
~ ~ ~ ~ . . d ~ a ~ f i ~ ~  ( N -  ) nines am a r p n u a b & e -re-nce for 9ssessi..s w r r u l d  c i r c r x m v e n c  c t l c  p r < > k > l c m  c.1- c c ~ m p c t i l i < ~ n  frclrn 
* h e  am-un. or biologicanmy F.X- N. in  a *-me. c h a n c e  obnerraeion native rhizobia- ha-; a l s c ,  1-cen i n r l i c ; a t e d  (4). .]'he search 
or a mod PI=-. in chick-a ( C ~ E P T  = T ~ ~ Z Z = Y -  1_.) acc~~sio. .  xcc 93s f c - r r  N o d  ~ h i c t c p e ; ~  p l a n t s  began z r r  I < ' K I S A ~ T -  C ' e n f r r  
e m c o u r r y e d  us t- ~ f u d y  t h e  rrequenry or n a l u r n l  w - . z u m " c e  -r =h i s  (1s- N l a f )  i n  lC>75 w i t h  . n l t i ; . f a < > n  elf r c r . c z s r c h  wc l rk  
trait. -sir h u n d - d  roey lo 36260 plan.s or each or l a chickpea accer- r l n  b i o l < , g i c ; l l  N, f i x ; i r i o n .  N < > n n ~ > d u l ; ~ t i n g  p l z a n r s  wc rc  
sion5. C . - L ~ - ~ - -  Under cor.dicions ra ror in~ =- oodunaeion-  We- occasionally c - r b s e r v c d  d u r i n ~  1 '>7h r', 1 <>So i n  r.csre- 
uprra.ed < o r  n o d u , s . i o n  o b s e r r a t i o n r  a f  22 an* . I 2  days a*.?- .o-ri..'= 
r o a s , .  r a a n r s  i d e n a i m -  N- LZ .>AS po=.- to p-ucc 
gating Fi and F, p o p u l a t i < > n . s -  k>r.c  c ~ r u l d  n c , c  he r.;ivcd 
r e d s  e m d  C h . . r e  a t  1 1 2  =>AS h n d  p h y % i - l o p i c a l l y  m a c u r e  c d a -  P-e- 
d c n c  t o  lack r l f  sufficient k r a r r w l r d g e  ; ~ . ? d  e x p c x c i s c  in  
n i e s  ..r a p p s r e n .  N 4  p.an*s -ere 6-.-u,n.e* rr'th r h i c k p r s  Rhire- 
s a l v a g i n g  f h c  u p r r l o t c c l  c h i c k p c z l  ] ~ l i . n t r . .  M c c h o r i r .  'ic- 
bium s t r a i m  1C: 59 a n *  i n  pols T o r  2s d ror c o n m r m s t i o n .  T h e  
ve~oped  in t h e  e z r r l y  I V X C ~ ~  ( 2 - v )  w c r C  ur.cd t', 
r-uency or N o d  p,s...s i n  rour scccssio..s < . C C 1  435. 49.8. -5-3 
u N < > d  p l a n r  f r c - r r n  2% g c r m p l a s r r l  a c c e s s i < - r n  I<'<- 435- 
a n d  -9993, r a m s 4  r-m 120 lo 99" -r m i l l i o n -  <,nc Nod p l a n .  C-m 
rr I r a n d r a c c  from Rillar. I n d i z t .  f ' r c l g c r l i c s  r , f  t h i s  p-.l;..lr 
e a c h  or *he rvur ncce%ri""s  -as ..=a C o r  rrc-onmrmsrs . . . .  a t u d l e s  i n  * h e  
were c c > n f i r n x c d  to bc N < > d  an'¶ wcrc < r l h c r w i z c  r.im- 
p u s l r a i n y  c e r r o "  . 9 = 7 - 1 9 8 8  n m d  r-r a p r o n o m i c  e r n l u n l i . r n  i" sub-e- 
il.?r t o  thc  p a r c r l t  t y p e  ( 1 0 ) .  U z l l i k c  t h e  N < , d  - g r r l ~ x n d -  
que..c s * u * i e s  under r.e.* c'.*i*io.s . .,-he N 4  -,-*ions -ere i"diS. n u t  < A r c z c l z i . $ -  f z y p o y ~ z r - r x  L . )  r r l u f a n f  (5)- t h n s  N c ~ d  - l i n e  
*i . .guishrble  F r o m  t h e i r  - s p e c . i r e  pa-... a c c e s s i o n s  C a r  p l a n t  Rrov...h ( n r x m r d  ICC' 43SM) di'i n < > t  s h ' r w  z ~ p p z r r c n r  N-dc f i -  
e x c e p t  ror .."aunetio... a n d  mos* y i e l d e d  s i m * . a f l y  to t h e ' -  Nod* r c r e J -  c i c n ~ y  s y m p r c l r n s  w h e n  g r < > - n  o n  r r a d n r x < > r 1 ; . 1  ~ -h i ckpe i% 
s i o n s  -hen s u p p l i e d  r r i c h  50 C u  I- - N h a . .  C > n  r I<.--N m e l d  4 l h o u .  fields. s u g g c s r i n g  y'x~d s o i l - N  sc&%vcnging a b i l i t y  o f  
re-ilizer N. t h e  ~ . r d  p lan t -  --re l i g h t  =roo.1. =re-r --.-ly- hrd i t s  root system. - r h i s  prclmplcd u- r c ,  -cc i t -  N ' p d -  p lants  
S h o e  i n t e r n d e n  diseanac -r i fh  Small  nrares and teanpfs. a"C, had red- c o u l d  bc r c c c > v c r c d  T r c p r n  o t h e r  s c n o r y p c s .  I ' r r > c c d u r e s  
d l s h - b r o - r n  p ~ y m e n t  o n  m r - i m s  or l e a n e r s -  rar-his .  a-d %ometimes t<> i d e n t i f y  N o d -  p l a n r s  u n d e r  f i r - I d  c < ~ n d i l i r , n s  a f  a n  
b r s n c h e s .  ci.rly p lan t  g r o w t h  stagc and  a t  p h y s i c l 1 o g i c ; r l  m a t u r i t y  
were proposed based < > n  e a r l i e r  n o d u l a t i < , n  s t u d i e s  a nd  
a r c  described here .  r ' requency o f -  cxzcurrcncc elf' N < > d  - 
plants and t h r i r  c h a r a ' z t c r i s t i c r .  a rc  ;ilr.'> discussed- 
~ & K X ; A ~ _ S  or  o ther  nonlegun-c crops arc  generally 
- used as references in  studies a s s c s s i n ~  a m o u n t s  
of h i < - r l o g i c a l  N, f i x a r i o n  in I e g l l r n e s .  These, however- 
may n o r  be satisfactory refcrcncr  crops in most such  
s r u d i e s  because of differences in plant  g rowth  rates 
and r o o t i n e  "atterns between the rrferencc and  t h e  test 
crops (14)rklso- crrcala may fix some N,- -Therefore, 
nonnodula r ing  l ines  of legumes arc preferred as rcf- 
e r c r n c e s .  The  p o s s i h i l i r y  < > F  their  u s e  in developing h o s t  
pram. I n t .  Crop- K e s .  I n s t .  f<>r t h e  Semi-Arid Tr<l  5?~=~zz~yto a c a n c h = - .  a - dh ra  ~ r a d e s h  SCJZ -24. r n d . - .  ICRISA~G 
o u r n r l  A r r i c l s  no. 1-7. R e c e i v e d  2-5 F e b .  1 9 9 1 .  - C ? o r r e s - > n d x n g  
a u r h o r .  
M A T E R I A L - S  AND M E T H O D S  
Largc p o p u l a c i < r n s  <>f 1 1 c h i c k r x a  ; . ~ - c c % > . < > n s  < T i . h l c  
wcrc g r r r w n  nn n V c r t n s n l  ( K a s i r e d r l i p a l l .  s o i l  -.cries. Typ!? 
P u b l a s h e d  .n Crop Sci. 32~349-3-72 <Ic)UZ)  
 able I .  ~ e s c r i p t i o n  of chlckpea a c c e s s i o n s  used i n  the search for n o n n o d u l a t i n g  (Nod ) plants a t  e a r l y  p l a n t  g r o r r + h  stage and at 
p h y S i o l O g i c U ,  m a * u r i * y .  
- - -  --- - - -- - -- -- 
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t D e n *  = lighf t o  dark brorr" c o l o r  and a n g u l a r  head reeds. 
* - b u n *  = M c d i f c r r a n e a . 1  r y p .  b c i g c  <>r I""- c o l o r .  o r r l ' s - h e a d - s h a p e  reeds. 
S L = l o n g  duraf .u .1 .  M = m e d i u m  d u r a 1 . o " .  S = shoe  d u r a f i o " .  
t e r r a m e a n  type. w i r h  beige <,r  i v o r y - c < > l r > r c d .  < > w l ' z - h c a d -  
shapc seeds ~ e ~ ~ e r a l l y  c a l e d  k a b u l i .  C " r n d n r i r r n s  .>f h i g h  ria- 
f i v e  r h i - r ' l b i a  a n d  good s o i l  r n < > i r t u r e *  c r l n s l d c r c d  necessary 
f'rr g c > < > d  n o d u l a f i o n  o f  c h i c k p c ; . .  wcrc e n - u r r d .  
Plants werc counted  and  u p r r l r r t r d  w i t h  a c r o w t > ; r c  1, .  ir 
- ~ - - - - -  
d u g  &t n ~ r c u r i t y .  ~ r r i g a t i o n  ss few clay- .  b c t C > r c  o b s e - v z * t l < , A  
f a c i l i c a f c d  u p r o o r i n g  o f  p l a n < % .  P l a s ~ r s  i d c n r i f i r d  as n p p z ~ r -  
e n t l v  N c r d  at 1 1 2 DAS wrrc h r r l u e h t  t o  fhc I a t > ~ ~ ~ a l ~ r z v ~  
-- 
a n d - f h c  r o o t s  were >'>i .k 'Zd i n  water  f o r  = 1  h ; .n<1 <>t l -c - ;d  
again €r>r  n a x 3 u l c - s .  I - l z r n r s  w i r h  t i n y  n ' x i u l c s  w c r c  d i s c - a r d r d .  
a n d  seed.. '>I. t t , c  r c " , a i r , i n a  ~ l ; l n r 3  wcrc  p r c z c . . v e c l  1 c > r  c u t u r c  
u s= .  
- .  
Sreds were p r < l d u c c d  I r < > r n  a=  I e n s f  o n c  Nod p ' - . c r c c i  p l ; l n t  
of ~ a c h  nf IC-c- 4.35- -4 ' )1~ .  and - 5 c x ~ 1 .  i'*c-.lt.ricd 22 
DAS. a n d  z u f f i c i c n l  sreds were ; ~ v ; x i l ; a b l c  < > t  N ' r c l -  p l ; % . ~ t s  
of I < -C '  499.3 r r l r 1  -.50(>3- i d e n t i f i e r 1  . s t  I I T  1 , A . S .  F ' i v e  r o  I < >  
seed- fro"- each o f  these a p p ~ s r c n r l y  N < > d  p l a n t -  wcrc  z ~ 7 - n  
i n  1 0 - c - 3  d i a - 3 -  ~ l a s f i c  r 7 - c ~  l i l l c d  w i t h  c < r ; l r s c  r i v c r  s . r n c l .  
 noc cur at ion waz - d r l n c  ;xi - < , w i n g  by a p p l y i n s  I < >  S T X I .  r l f  is 
s u s p e n s i o n  of p c ; + t  i n ' l c u l a n t  ( R h i = r , h , ' L " l  s t r . . i n  I C '  5.V) . i n  
w a t e r  * h a s  had . a t  I c a s r  10" r h i r o b i . .  -1-  .. ~ l a r ~ t z  wcrc n r -  
r i e r t c d  w x t h  o u a r r e r - s r r e n e t h  N - f r c c  r l u f r i c n t  s o l u r i c l n  t ' > l -  
-. 
l r > = i n g  A r n c l G  (1). a s  r c r q u i r c d .  P < , l s  w e r e  p l a c c c l  i n  ;. 
 lassh house- w i r h  r c m p c r a t u r c s  ranging f r < , m  1 6  -c' ;st n i s h c  
t o  32 -C d u r i n g  day and r r l a r n v e  burr-id;.y <,t - 7 ~ 1 ~ ~ .  i n  
February and March l 9 X 7 .  T w c n t y - c i g h t - d ; % y - ~ ~ I d  p l a n t s  werc 
washed and c x a r n i n c d  f o r  n ' > d u l i . l i ' r . l  by s r > r ~ - i l d i . > g  f h ~  r<.<>c 
hyslcm i n  enamal tray- f i l l e d  w n c h  w a t e r .  
P r o g c r l i e s  of o n e  c c r r l f i r r r l c d  Nod  p l a n t  each < > I  c I ~ c  
four  a - e s s i n n s  I C - C - 4 3 - 5 -  -4<>1X- 4993 and -.SCX>.Z wcrc pr<>-n 
in the p o s t r m i n y  scasnn r l f  1987- 1 9 S S  (November 1 9 X 7 -  
A p r i l  I ' 9 H S )  <>rx an  I r x c c p t i - 1  ( . S i n g p t s r ; a  s c r i l  % c r i e s .  f i n e  l o a m y  
mixed h y p e r r h c r m i c  T y p i c  l J s l c r c h r c p r )  f i e l d  a r  I C K I S A - T  
Subcenter.  G w a l i r l r *  I n d i a .  ( . 2 h -  N l a t )  f o r  f u r t h e r  c ' 7 n f . r -  
m a t i o n  a g a i n s t  n a t i v e  r h i r r , b n a  o f  a d i f f c r e n r  c n v ~ r c > n n ~ c n r .  
Plants were u p r r - t c d  ai hO DAS f r l r  n < > d u l a c i r , n  obsr-va- 
* i o n s .  T h e  Nod  l i n e s  r e t a i n e d  t h e i r  < > r i g i n i l l  i . c c c s s i o n  "urn- 
bcr. but were suffixed by 'M'. 
I n  c h r  p > s f r a i n y  season 19SS-19239 (November 1 9 X S  - 
A p r i l  1989) t h e  Nod - l i n ~ b  of r t x c  four  c h i c k p r a  a c c c z . - i c , n s  
described atx,-r. PMZ.33. and thcir N-rd - p a r c n c s  -=re y r < ? w n  
o n  a l o w - N  f n c l d  at C i w a l i o r  f o r  agronomic c v a l u a l i r ~ n s  i n  
.n*ia 
."*is 
."',la 
.r.*i= 
Morocco 
I n d i a  
C - y p - s  
.ran > o r b "  
sy-ia 
T u r k e y  
-- - --. 
t h r e e  r e p l i c a r c - s .  T h e  e x p e r i m e n t a l  c l e z i g n  was a r a n d o m i z e d  
c r , r n n l c l c  h l < x k  usine a s o l i t - o l r l r  t r c i l r r n c n r  a r r a n e e m e n r  w i t h  
-> . - 
s i x  5 e r c i 1 i r c r  t r e a r m e n t s  ( r , .  z c , .  so- loo- 150- a n d  Z C N )  ) c ~  
N h a . )  as m a i n  p l o t 5  s a n d  &-hit-kp~a a c c e s s i < > n s  -3s s u b - p 1 0 t s  
of 4 bv 1 . 2  m. -The c h i c k o c a  z s c c e s s i o n s  werc- -<>-XI i r l  4 - n ~  
l o n g  r<>wh w i t h  i n t e r r r l w  s p a c i n s  c > f  .3<> L - ~ X  z s n d  i n l r a r o w  
s p a c i n ~  o f -  1 0  c-1. T h e  s o i l  pH ( I  :Z. s < > i l / w a c r r ) *  e l e c t r i c a l  
c r , n d u c l i v i f y -  a v a i l a b l e  N. a n d  C 3 l s e n  P i n  t h e  top 30-cm 
s ' r i l  ~ r o f i l e  raneed x. 1 < < >  x.3- 0.02 r o  0.04 S m -  '. 1 7  C'B - 
27 r;lg k g - .  s r l i ~ .  and s r o  i i  mg k g  ' 3 r l i ~ .  r e s p c c r i v c ~ y .  
C h i c k p e a  R h r r r ~ l ~ i r ~ r ~ z  c < > u n f  was 4300 g ' s ' > i l .  D e t a i l e d  re- 
s u l t r  <>t- c h i s  s r u d v  wi l l  be r e n s r r n c d  s c ~ a r a r c l v .  However- 
n'>.i,.lc a- (70 - -=-) mas5 . r n  ;. s : . m p l c ~ o f  p 1 a - n . s  from c 3 . 3  
m '  pcr p l o t  at 5- DAS- z a p p ; . r c n r  N - d e f i c i e n c y  s y m p r < > m z  
based < > n  weekly v i s u a l  rccord5- and g r a n n  yicld r l f  <> N and 
SO N t r e a t m e n t s  f<,r t h c  c h i c k ~ e a  a c r c s s i ~ , n s  a rc  r c o < , r r c d .  
A s t u d y  r l f  r<x>t i - i i ~ r  m s , r p L < ~ ~ r l b y  w;l- C < I . I ~ U C C C &  e n  the 
N<,d p l a m x t s  I - r r ~ m  t h e  f ou r  limes r c p u r t r c l  h e r e  and o n  the 
r * > u c ; r n c  I ' M 2 3 . 3  r l f  D a v i s  c f  z.1. (3). T h r  r e l e v a n t  Nod - p ; n r -  
en ts  of thcsc l i n e s  w c r c  included ;is checks. F i f t y  water- 
soaked herds r r t  c-ach o f  t h e s e  l i n e s  werc y c r r n i n z r r c d  i n  <>- 
c - 7  Petri d i s h ~ ~  l i n c d  w i t h  w a f e r - s n ; . k c d  b l r r t t i x l g  p z s p c r .  P l r f c s  
werc p l ; r c c < l  n n  ;x =-I .  covered p l ; . s r r c -  c < > n f ; l i n c r  t ~ a v i n g  a 2- 
r-K.1 w i . , c r  I ; . y c r  a t  t h e  b<, f f ' , r . l .  7 - c m p c r ; r , u r e  inside t h e  c-<,n- 
x ; . m r l e r  was 20 t < >  2 - 5  -C. R ; > d . c l e s  < > n  5- trl X - d - o l d  g e r m i n a t e d  
scc'i.s were observed i'.r urcacnce o r  r r > r , r  h a i r 3  u n d e r  a 
-1'he frequency of r , c c u r r e n c e  of the Nod- charac ter  
r r i n s e d  f rom 12<> t<> 490 plants pcr r n i l l i r l n  <7';.ble 
I " , u r t c c r x  c l t  t h e  21 t r ; i n s p l u n f r d  p l z n n t s  dicd due2?" 
f - u s a  r i  u rn  w i l t  ( P - u s r r r i z r r z r  < , * y . s p r z n r m  f. sp. c - i c - r r i >  be - 
fr>,r ~ r o d u c i n c  seeds. All r > l a n t s -  however- survivcd 
for  ai l e a s r  3-wk and  had  f o r m L d  new rdclts  when  
e x a m i n e d .  O I I ~  plant < > f  I C C '  4-48 p r < > J u c c J  nodules 
b c f - : > r c  d y i n g .  N c l n e  of the p r < > g c n i c s  o f  r h e  seven sur-  
v a v n n g  N I , ~  plants  from thrce  accessions I C C  435. - 
4918- and -5003 fclrrncd nodules when  g r o w n  in pots 
i n r > c u l a t c d  w i t h  c h i c k p e a  K I z i r o b i u r z z  Strain I C  -59- I t  
was therefor= a - s u r n e d  that the  ~ L a n t s  t h z s t  dicd would 
have d i s p l ; l y e d  the same t-req;cncy elf Nod-  in the 
c o n f - i r m a t i o n  s t u d i c s  as t hosc  that lived- Progeny of 
N r l d  - plants of thcse accessions nodulated normally 
under  t h e  same conditions- The chance  o f  correct 
i d c r m r i f i c a t i c ~ n  o f  N o d  plants from a field-grown pop- 
u l a t i o n  at e a r l y  plant gro-h stages was thus  very g d -  
Table 2 Frequency o r  n s f u r a l l y  - c u m n ~  n o n n o d u l a * n n e  ( N d  ) 
plants .n chickpea a c c c w a o n s  
T a b l e  3 C bracte--t.- of n < > r n n o d u I a t n n ~ .  (-4 ) l i n a  ~ o r - p a r r c l  
-- - - -  - -  
w . f h  res -~< . re  n d u l a * n n g  (Nd - > a c c e - < l o m 1  at O ky (0 N J  
Obscrred -5urr.re.3 and 5 0  k ~ .  N ha . (-0 N I  a *  C . u a l m o r  p n s t r a n n r  - r a s r > n  1 9 S S -  
.n Ap-renEly trans- Co-firmed ~ r c q u r n c s t  1 9 8 9  
ALce5.s.o- field N o d  pIa"t."P as N d  "F N < d  - -- 
-,.,*..a- 
.<:C 491s 
I C C  494s 
.C-C 497.3 
I<-'- 499.3 
I<'<'  .5<Y,3 
I C C '  12.32s 
IC'C ,2329 
I<:<' I L.3.30 
IC'C 12331 
IC'C' 12-332 
- ---. - ~ ~- 
t I, was assume', .ha. ...e plan.. chat died u-unr. have displayed I h e  
.-me frequency nf NO* in  .he conf.rm=.io- ?.*-dies as those fhaf 
mirr.+. Multi,>ly ra1u.E s l . r > r r l  by 1 0  ^  f.. get acrua, value ' = .lo. per 
.r.....un,. 
* <>nc of the sere- p,i.nts p-..duced --dunes before *Si.XE. 
I .here plants had physiologically ma...*= seed*. Iranspla-tins ua.. n... 
require*. 
h u t  w;.s a s s < > c i a t e d  w i t h  t h e  s u b s s r % n t i a l  eft-rlrt r l f  sal- 
v a ~ i n g  t t ~ e s e  p l a n t -  and r isk r r f  p l a n t  d e a t h  c i u c r  t', 
z r d v c r s e  f a c t o r s  s u c h  as  disease. I t  z ~ l - r l  r e c g u i r e < l  g I ; . - h -  
h r > u s c  t - ;%ci l i t ics .  C > n l y  two (onc e a c h  r , f  I C ' < '  4'>'>.3 c 3 n d  
I C C  -TOO3) c > f  t h e  f - i v e  a p p z . r e n 1  N r , d  p l a n t s  sclec-tcd 
;xt p h y s i o l o g i c ; t l  r n z r t u r i t y  we-re a c t u a l l y  N r , d  - . ' T ' h r  1-1- 
t e r  m c t h r > c i  e l f  i d e n t i t - y i n g  n a t u r a l  N r l d  p l a n t s  s c cn~cd  
r n c ~ r c -  c - < r n v c n i c n t  and may be r x p p l i c d  t o  legumes where 
m < > - r  n o d u l e s  remain a c r a c h c d  trl r o r l t s  even a t  phys i -  
ological maturity (e-g.. peanut and c h i c k p c ; s ) -  
F r o s z e n i e s  of t h e  c o n f i r n x c d  N r l d -  n l a n t -  i n  s u b s = -  
- 
q u c n f  s tudies at C i w n l i o r  i n  t h c  p < > s t r ; i i n y  s c z i s o n  of 
I V X 7  I c > X X  'iici not p r < > d t n c c  any n o d u l e s  w i t h  native 
r h i z o b i k . .  - [ - h i s  f u r t h c r  c < > n f - i r m e d  that r h e  identified N r l d -  
p l i l n r s  were resistant " o t  only t o  S t r a i n  I C  59 (used in 
c r > n f ' i r m a t i c > n  s tudies ~n pots) bu t  a l so  tc, r h c  r n i x r u r c  
of R l z i z o l > i r r r n  s t r a i n s  that  prclbably < > c c u r r c d  i n  f - i c l d  
s o i l s -  These p l z r n t s  grew similar ly t o  t h e i r  N < > d  * ilcccs- 
s ions  in c h i s  f icld u p  t o  65 d when  they were u p r o c > r e d  
f - o r  n r > d u l a t i < > s ,  obse-aticlns- i n d i c a t i n s x  thei r  abilitv t o  
g r < , w  well o n  the native soil ferti l i ty.  
-
0 n  a low-N ficld without *erti l izer in t h e  pos t ra iny  
scason 1 9 X . ? - 1 9 5 % c > -  t he  Nod-  l i n e s  a t  60 DAS grew 
poorly. had small leaves and leaflets- shor t  i n t e r n ~ ~ d a l  
distance. z - n d  l i g h t  g r e e n  € c > l i i r g e  c o r n p z s r c d  w i t h  re- 
s-ctivc Nc-1- z r c c e s s i o n s .  Desi lines had reddish-brown 
Garglns o n  I c a a e r s -  rachis. and sometimes sterns- most 
c'-nspic-uously in ICC' 4918M and  PMZ33. These 
s y n x p t o r n s  matched well wi th  the N-deficiency syn-p- 
toms described by Smith and Pieterr < I = )  f o r  a chick- 
pea l ine  -71-~son'- I t  seems tha t  de-i chickpea l ines  
display rcdd-ish-brown p i g r r i e n r  under severai stresses- 
s u c h  as  salinity- o r  s tun t  disease <=)- I t  should-  how- 
rvcr. be possible to separate N deficiency from o the r  
stresses by examining symptoms other than the pig- 
ment- Kabuli line I C C  4993 did n o r  show the char-  
acteristics reddish-brown pigment o f  the kind seen o n  
t h e  r i c s i  c y p c h .  1 x 1  N - I C I I I I I L C ~  p I < > t - . -  t h c s c  s y m p l c > r n -  
wcrc a h 5 c n t .  W i t h  r n r , d c r a r e  z ~ p p l i c a t i < r n  < > f -  u r e a  (.SO 
k g  N h ~ .  ' > -  n , < > s t  1 i , , c s  y i c l ' i c ' l  s i m i l a r l y  ,', ,heir rc-- 
s p e c z % v c  N < > c l f  z r c c c s i ' > n s -  c . x c - c p l  I'M2.3.3 ;."ri I C ' C '  
4 9 1 X M  ( I ' a b l c  3 ) .  -1-hc-c t w ' ~  lints z c c r ~ ~ e ~ i  t., rc'(u.rc 
n x r , r c  N t . r  p r r l d l ~ c e  ; a s  . n . . c 1 ,  yield ;,. , h c . r  N . r d  * c < , u n -  
t e r p ~ a r t s .  A 1 1  t 1 , c  N r , c i  l i m ~ c r .  f z % i l c c l  r , c > d u l z . r c .  C > c -  
c : % s i < r . l > . l  N < , d  * p l z ~ r l t s  < > h s e r v c d  i n  I < ' < '  .SOO3M were 
c < , n s i d e r c d  c r > n t ; . n l i n a n t s  a n d  d i s c z r r d c d .  - T - h c  w c c e s s i < , n  
I < - C -  . S < M > - 3  h a d  r ~ > e ~ x i r n u r m  r ~ ~ ~ ~ i c n l c  m a s % -  f ~ < ~ l l < ~ w c c i  by 
I C ' C '  4-1.5 N < > d u i c  mas, w ; a h  g r c z ~ t l y  r c d u c - c c i  ( r a m g i n s  
f - r u m  13' : :  i n  I < - < -  4.3.7 t c ,  4X'.;, i n  I < - < .  .S<>#J .3>-  d u c  t < >  
r h c  z . ~ t , l i c a r i r > n  c > f  50 k r r  N I,;% ' < ' l . ; r t ~ l c  -7). 
- .  v;& dense r r r r l t  h ; . i r -  were  s e r ; c r a l l y  < , k - e r v c d  5 fr, 
7 m n x  a h c ~ v c  r r x > t  t a p - .  A l l  t h c  r a d i c - l c  < , f  N r , d -  p l a r > t - -  
i n c - l u d n n g  t h r l s e  c-f t h e  i r r a d i z ~ t i ' r n  m u t a n t  PMZ3.3 (-3)- 
a n d  t h e i r  N < > d -  p : . r c n t s  h a d  = ~ p p a r c n r l y  n r > r m z s l  r r x p r  
ha i rs .  T h i s  suggcbth 1 h z . t -  u n l i k c r  p c ; . n u t  <C,)- 1hc Ne,d 
t r a i t  r l f  chickpca  I S  d ~ z c  I < ,  f z , c c r > r ( s )  < ~ l h c r  t h ; i z >  absence 
<>€ r r l r l t  h a s ~ r s .  I - r c - . c r l c ~ -  r , f  r r ~ r l t  llilir-. pcrhirp.-. allowcd 
t h c  N r l d  plants r r ,  scavcnge r h e  s o i l - N  p r - 1  e f f i c i e n t l y  
and  made the i r  v i sua l  i d e n t i f - i c - a r i c ~ n  d i f f i c u l t  in  t h e  
t r a d i t i o n a l  chickpea f i e l d s .  L c z r v c s  <,f Nod - g r r l u n d n u t  
that  lacked r o s > t  ha i r -  were rcnerallv " z r l c  szrren- z s n d  
-. 
t h e  p l a n t s  r a i d  r l o r  g r < > w  ;r- w c i l  as  n c , 5 u i a t r d  g r c ~ u & d n u t  
e v e n  w h e n  f - c r r i l i z c d  w i t h  4 < M )  k g  N ha ' (7). Chick -  
pea N < , d  l ines  t h u s  appeared t o  bc sui table reference 
rrlants f c l r  s tudies r ~ f  biological N -  f - i x a t i o n .  - 
Davis et a t .  (3) scrccncd = 1 <) ?XX> M, seedlings t < >  
ident i fy r ~ n e  s t a l > l e  N o d  chickpca l ine .  Sea rch ing  € o r  
n a r u r a l  N c > d  plants w c , u l d  be much faster  and  eas ier  
than  d e v c l ' > p i n g  induced N < , d  m u x z i n c s .  A f r e r  s c r een -  
ina. a s imi la r  ~ . , r r u l a t i < > n  size. we c o u l d  iden t i fv  Nod-  
p l z n r s  with""* i hc  e f for t s  < > f  mutagenesis. A l s c s -  in 
n a r u r a l  Nod- plants  the chances  of -currence o f  un-  
desirable changes o n  the  genetic composi t ion  of iden- 
tified plants a r e  less than w i t h  mutagenized plants. 
T h u s -  f u r t h c r  s t ud i e s  tcl  es tabl ish stable and d e s s r a b l e  
Nod-  o l an t s  would not be reoui red-  
I t  cr;uld be argued that all >he Nod-  plants w i r h i n  
a genorype are genetically t h e  same and are progenies 
o f  a  na tu ra l  rnur;rtic>n that  o c c u r r c d  in r h r  pasr.  Thl- 2. D a v i s .  1.. M . a n d  K. W w~.,-zc.=r. 3 - s ~ .  A . ~ ~ c % h ~ . d  €..- rs-,s.ne 
N M -  plants  acrcxss different acccssic>ns. hc3wever- -lay ch.ck--. c.uc,.n --. 
be d u e  t o  r-utations at d i f fe ren ,  l<Xzi- a s  es tabl is t lcd in 3 ~ c>=-m-.- .-~ M ~ - k---d"c e::?::?T:',-r:-2!- SAX?- SC. .  25:33? 1 i Y x 5 -  N"- 
t h r  c a s e  of I C C  4-3-yM a n d  PM23-3 (1.1). S e c d s  o f  . ' <irnc..c - r x c .  f .c.c y ,f 
Nrlrl- l ines  h a v e  a l r e a d y  b e e n  g iwvr  t<> nntcrest rd  re- n.rctu,ir..nn. f uphyr.c-r  = r . : 5 2 7  S.3.T. 
sci l rchcrz  a n d  w i l l  scwn b e  a part  r - f  the  g e n e  b a n k  a t  5 Cil-rhc.. I> .W..  .... cl J.".  E3ur.rr.1 1V7U. A .r'..,-nrldul;lc.ny -;.- 
I C R I S A T  C c n r e r  f o r  g e n e r a l  d i s t r ibu t ion .  
nu.. <-r . .y -  sc-.. 1->:727-71r(. 
h. N;rmhl-.r. r - . 1 - . < - . .  S . N .  N , y . . r l * .  r - . J  13.rrt. an<,  FI W < i . h h . n ~  
In the  s c r r c n i n g  procedure w e  I<x,lced fc-r N - d  planrs 1UX.7. A h s c n c r -  r r f  r.->, hr.r-. I.1 'dulr, ...ffsFr. ru..cl..u, 4 r -  
o n l y .  It s c c m s  that  s o m c  a c c e s s i o n s  may h a v e  narural  ..'> x... *..yx>..$-."<-<~! .,. 3 .  r-.x,>. a%.... . -4:4*4 
v;nriz.nts o f  t ra i ts  that m a y  not  be v e r y  a p p a r e n t  unlc-ss 
7. N...llh.ilr. <>..-. n - g - c t a -  *ncl J . " . . > . K .  Kur.=..r =a,,. 
s c r c r n r d  u n d e r  r h r  a p p r o p r i a t r  condi t ions .  Fr>r ex- 
ar-ple- some rcs ra rchcrs  have  notxced occasional  pl9nts 
w i t h  rcs isrance t o  f u s a r i u m  wilr wi rh in  susc-cprnble € . r r c l  a-cl II-I* r u h l . - h . n y  < .,- NEW "elha. 
l ine  in  a  d i s e a s e  s c r e c n i n ~  nurse ry  a n d  fc>und that  t h e  -. ~ = r l c -  Y . E - . .  M . E - .  ~ l - . - r . + r c .  ..-d M . V .  l i c d r l y .  lu7r(. u ~ ~ ~ -  
p r o g c n y  o f  s u c h  pl;*nrs w c r c  s i m i l a r  tr, t h e  parenr  rypc nrlsss r l f  z.rnlr -.I#-lake dnz'rrclcr-. <>t  chxc-k--i. ( C  r r - - - r  I z - r r r - . , r m  
b u t  w i l t  resista.1. (M.P. H a w a r e -  1 9 < > < > .  p e r s o n a l  c0.n- L . ) .  I n * .  **u,,. -7. I '-RISAT. Pal..nc-.,ci.l. A,'. In',.;.. ' u p  . a n  P 1, i .r . .  1 9 - 1 .  sc-re=-.-= t<rr ... rr,n,;*,..rn 
municir r ion) .  S c r e e n i n g  fc>r nsarurally o c c u r i n y  desirn-  
b l e  t ra i ts  rhus  o f f e r s  a  gr,c>d <>pporruni ty  <,f idcnr i fy ing  
g e n e t i c  wariabiliry. 
A C K N O W E D G M E N T S  I < ) .  Rupc-la. O.,'.. dncl M . R .  .Sudi.rshrn... IUX<, I d c n t ~ f m c - a ~ s . . ~ ~  r l t  
E*clpful commrncs elf Drs. C'.  J<>hansen r l f  1 C - R I S A - T -  ;%nd 
;. .,.rn..rrdul;.r..1p sp<rn,;lne'.u. ..I, l..... . in  c-h,c-kpr;.. I n -  < -h.c-k- 
I I .  J.H. Silrhury <>f fhc CJnivcrsiXy crf Aclrl;s.dc. A~,stralia. rln 
thc m;rnuscrspc- and she help of Mcssrs. M.K.  Sudnrshana. 
C. Kumar Nzn.4~. C'. Sivaramakrishn;.. F.A. m a n .  l'.V.S. 7 2 ~ 4  1 4  1 
Prasad. and K. Papa Rao arc ~ r e l c f u l l y  acknr>wlcdscd. I 1 2 .  s-..,.- ... w. .  :a,.* w.,*.,. P.'.,C.. . a9s.3. r.-<,,.-*r .y",p..>",. .>' 
fhZa"k L>r. T .M.  Davis- Univcrsily <>f Ncw H;,nlprtr,rc. f',r 
nu..<-", cl.s'>r',<-r% .n c-hi'-kp'-., <<.,<--.r <*--ram"-,. .,.cc-,,. P a p .  
2 7 .  <- .SIR".  r 3 . v  <>f r -cc-h~  C-r.,,,. an<,  E>a-.,urcz. ,.u\,rr,.a. 
prrlvidiny heed of PM233. 1.3. -r-.x,m\ilr,- =. . < > . F .  R*>S-E&-L- 5. M a t * . * l -  S'., . C > r - r -  a n d  K . W .  
C ' lurk.  1 VX4.  < -<.un..r.= .z r c F - r  - IU . r rn*r . . - , .  u"r.*,;.P'"n' .nrcc-- 
REFERF-NCES ,.c.n lechr..14uc. 5 . 1 . 1  H a . , , .  I3.whc.r.. l h:5<)7  
1. *rnc>n. " ~ I  I 9 . 3 X  Mic-ro c l . - r n r - " c .  .n c--,cure s<r,.,...rn e x p e r -  
1 4 .  W i t *  J . I .  1'>H.7. N.-€.xatm<>n mn I h c  fsclcl usan- ' - N  IahclLccl 
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B R O U G H T - I N D U C E D  ABUNDANCE OF UELICOYERPA A R M X C E R A  1 Sf 
2 A potentially important source of bias in our between year 
comparisons was thus reduced by rejecting pre-1982 larval count data- 
b) Light trap- 
Comparisons of numbers of -- armr'gera moths caught in a light trap a t  
ICRISAT Center has provided circumstantial evidence for windbornc 
migration of U- armisera from remote areas <PeJgley e r  af- ,  1987). -T)le 
evidence available suggests that such long distance migration does not play a 
significant role in the population dynamics of H- armigera at  ICRISAT Center 
<Pedgley ez at-,  1987). However. because moths can, from time to time, 
massively immigrate from afar and do  regularly undertake short-range flights 
(5--40 km) we have also used the light trap data to inter'pret changes in pest 
abundance on ICRISAT farm over the last seven years. m e  light trap used 
was a modified Robinson type (Bhatnagar & Davies, 1979)- 
C )  Natural enemy abundance 
Light traps were used to monitor changes in the abundance of natural enemies 
of U. armigera during three dry and wet years on ICRISAT farm- This 
information was used along with the corresponding data on parasitism and 
predation levels to  examine the influence of drought on the natural enemy 
complex of H- armisera- 
d) Statistical analysis 
'Ihe following parametric and non-parametric statistics were used to  analyse 
the data= 
1- Correlation and regression techniques (see Alder and Roessler, 1-72, to  
explore the relationship between rainfall and pest abundance in different 
years and the cumulative efrects of drought on the abundance of 
23- armigera. 
2- LZhe Kruskal-Wallis one way analysis of variance by ranks to compare 
pest abundance in normal versus rainfall deficient years- For details of 
the test see Seigel Bt Castellan (1988)- 
M-P. PIMBERT AND C.P- SRIVASTAVA 
RESULTS 
A summary of the larval count data obtained for the years 1983--88 is siven in 
Table 1 - Figures within -t 10% of the long-term average rainfall can be counted 
as normal rainfall years- The number of H- a r ~ l ~ e r a  la-ae p.tr hectare -re 
signi-cantly lower during years of hish rainfall <June-May 1983--84 and 
198-89> than during the four successive rainfall deficient years of 1984--87- 
Moreover, the abundance of the pest's population was compounded from one 
year to the next during this four year period of water deficit. ?-bus. on 
XCRXSAT's cropped area. the larval population climbed from 2 18- 1 X 103 ha-' 
in 1984 to 638.9 X 10' ha-' in 1987- A similar trend can be seen on the pest's two 
preferred host-plants @igeonpea and chickpea) indicatihg that the relationship 
between increasing dryness and larval counts is not masked through excessive 
pooling of data <Table 2). 
Regression and correlation analysis showed significant negative relation- 
ships between pest density and rainfall for the June--tober period <Table 3,- 
The lower the rainfall the higher the pest's abundance- Moreover, cumulative 
years of drought had a highly significant effect on X- armigeru densities in 
pigeonpea <r = --0.8, p < 0-0 1 %)- However, correlations between larval 
densiry and rainfall for the June-May data sets were not significant <Table 3>- 
This was largely due to an apparently contradictory trend in 1987/88= high 
pest abundance associated with excess rainfall in 1987 <Tables 1, 2 and 3,- 
L i g h t  trap c a t c h e m s  
Xn 1987, the direct and indirect effects of rainfall deficits on the pest's 
population dynamics were indeed confounded by the moth's long-range 
migratory activity- The light traps on XCRISAT farm recorded high moth 
catches in November-December +987 (Figure 1,- Our data show that in 
Now--c 1987, the weeks with the highest catches (weeks 47, 48 and 51, 52, 
were preceeded by periods when strong south--easterly winds blew across 
XCRXSAT farm (weeks 46 and 50> (Figure 2). Previous work (Rdgley et el-, 
1-87, has sho- that riscs in light trap catches in October to -=ember tend to  
be ass-Sated with winds veering from north--east to east to south-east, 
sometimes in response to  rropical cyclones- Figure 3a- shows the stream%&-s 
of dominant surface e n d  directions for -to-r-Ikcember based on 
direction frequencies a t  -ny observatories <India Meteorological -pa-- 
ment, 1967>- -viations from long-term average rainfall in 198-88 for the 
maim cotton growing districts of-coastal Airxdhra Radesh <-kasam, Guxltur, 
DROUGHT-INDUCED ABUNDANCE OF m-COYLIRPA ARMICERA 
TABLE 2 
The relationship between rainfall and the abundance of Helicoverpa armigera on pigeonpea and chickpea at ICRISAT. Patanchem. Andhra Pradesh, 
India. 
June-October June-May 
Year Pigeon pea Pigeonpea Chickpea 
Rainfall (mm) Area surveyed Larval Rainfall (mm) Area surveyed Larval Area surveyed Larval 
(f long term for larval population2 (f long term for larval population in for larval population2 in 
average)' population (ha) in 10' ha-' annual average)' population (ha) 10' ba-' population (ha) 10' ha-' 
1983-84 1021.2 34.9 57.1 1096.6 106.7 173.2 43.5 652.9 
(+52.4%) (+40.2) 
1984-85 59 1.3 57.9 86.4 670.3 124.5 210.2 56.6 1137.1 
(-1 1.7%) (-14.3%) 
1985-86 477.0 55.4 140.1 617.0 110.7 190.1 57.0 1624.0 
(-28.8%) (-21 - 1Yo) 
1986-87 538.0 39.6 151.4 623.3 65.5 303.1 49.8 1059.4 
(-19.7%) (-20.3%) 
1987-88 595.8 32.8 455.9 955.7 121.9 1079.9 64.1 2492.4 
(-1 1.1%) (+22.2%) 
1988-89 900.2 81.4 167.2 1019.2 177.8 252.6 76.9 910.3 
(+34.4%) (+M.3%) 
'Deviations from normal rainfall were computed from the long term average for Jun-Oct (670mm). More than 80% of thc averag annual rainfall 
occ- during these months at ICRISAT. Long term average rainfall (197687): June-Oct 670mm; JukMay 782 mm. 
'Larval population densities were signif-ntly lower in excess rainfall Years than in water deficient years(P<O.Oi, Kruskall-Wallis one way analysh of 
variance by ranks). 
DROUGHT-INDUCED ABUNDANCE OF HEEXCOY-PA A R M X O -  1 6 1  
TABLE 3 
Summary of resession and correlation analpis .  
Relationship Regression equation r SigmifXcarree 
June-Ocrober 
Rainfall C x )  and Earval 
density ( y>  on all crops 
a t  ICRISAT (Table I >  
Cumulative rainrall deficit Significnnc at 
and larval density on  Y = 2 4 1 . 3  - 0.62 X --8 P < 0 . 0 1 9 6  
pigeonpea (Table 2, 
J u ~  e-Me y 
Rainfall and larval 
dsrxsiry on a l l  crops Y - 384 - 0.- X - 1 Nor Significant 
at ICRISAT (Table 1) 
Cumulative rainfall deficit 
and larval density o n  Y = 448.5 - 0.62 X -0-3 Not Significant 
pigeonpea (Table 2> 
Cumulative rainfall deficit 
and larval density on Y - 154.4 - 1.8 X --0-46 Not Significant 
chickpea (Table 2> 
Note: In all cases. n = 6 pairs of observations. 
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-=g 1 -.-.-m-.- 
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F X G U R E  3. a> Strcpmlines of dominant wind dirccriono at ICRISAT Cenrre. Pallnchcru. 
Anclhra Pradesh- India- b>- Perwnfage deviation from long-term awerage rainfall durillp the 
south--cat (~une-Septcmbsr> and northlast (October--csmbcr> monroona rrom 1983-88 k n  
M e b k .  Krishma, Guntur and Prakasam disrrictm, Andhra Pradcsh. India. 
and Krishna> are also show~l in Figure 3b- Rainfall values for Meciak, Krishna, 
Guntur and Prakasam districts are means of 52, 75,  61 and 58 rain gauges 
respectively- n e  succession of drought years in the coastal area was 
associated with high pest abundance that led to the nearly complete 
destruction of the cotton crop and all other cultivated hosts grown under 
rainfed conditions in 1987 <Xing & Sawicki 1990: mirumala Rao, wrsonal 
communi-tion, 1989,- Xn the latter part of 1987, the moths thus m o v d  with 
the prevailing winds from the drought stricken areas of coastal 4Lrsdhra 
Pradesh <Figure 3b> to  the inlands of the Deccan plateau where X C R I S A T  is 
based - 
-is interpretation is further supported by re-nt studies on r h e  sp- of 
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i--cticide resistance in populations of H e l Z c o v e r p a  ur-i=era across kiradhra 
Pradesh <McCaffery et el-, 1989,- 1Y- a r F w z i = e r a  collected in October 1987 in the 
cotton growing districts of coastal m d h r a  Radesh <Krishna, Prakasam and 
Guntur> were highly resistant to  synthetic pyrethroids and endosulfan- Prior 
to 1986, H- ari-sera collected in pigeonpea and chickpea. fields a t  ICRISAT 
Cenwer were not resistant to endosulfan and pyrethroids, the latter being 
seldom used on ICRlSAT farm. But by November--cember 1987, 
ZZ- armigera were found to be mildly resxstant to endosulfan and highly 
resistant to pyrethroids at  XCRISAT- The level of pyrethrofd resistance 
sreadily rose till March 1988- The insecticide resistant moths from the coastal 
areas of Andhra Radesh migrated downwind to XCRXSATin a north westerly 
direction with the prevailing winds that occurred in the later part of 1987 
<1McCaffery et a l - .  1989>- 
This incoming migration contributed to the increase in size of the 
Uelicoverpa larval population in 1987-88 <Table 1,. n e  cyclonic winds that 
carried the migrating moths from coastal Andhra Pradesh to ICRISAT farm 
were followed by heavy rains in November-December 198-7 <Figures 3 and 4>. 
thus explaining the apparent discrepancy in our June--May 1987-88 data, i-e.. 
high Heliroverpa abundance associated with excess rainfall rather than with 
rainfall shortage as the previous years' trend suggests <Table 1,- 
We further analysed the ICRISAT light trap data to identify years when 
similar influxes of moths from coastal Andhra Pradesh occurred- Catches 
were low for all but the 1984/85 and 1987/88 years- The catches for Jun-May 
-1ooi I 
1 9 8 3  1984 1 985 3 - 8 6  1 9 8 7  1 9 8 8  
Year 
FlGURE 4. -viation From -rmd mi&-11 for the - r i d  - r o k r  r o  m c r m k r  198- r t  
X C R I S A T  Ce-trc- Paroachcru, Indio- 
DROUGHT-INDUCED ABUNDANCE OF HEWCOY-PA ARMIG- 
Year 
FIGURE 5 .  Yearly lighf frap catches (June fo May> af X C R X S A T  Centre. Pafancheru. India. 
1 9 8 4 / 8 5  were similar to those from 1 9 8 7 / 8 8  <Figure 5>- And, as in 1 9 8 7 .  most 
of the 1984 windborne migration from the coastal cotton g r o w i n ~  region 
occurred in the later part of the year when winds veer from NE to SE- As cam 
be seen in Figure 6, the November 1 9 8 4  catches were significantly higher than 
those of a l l  other months. 
Oct 
Months 
N o w  
FIGURE 6.  Ligflt trap =afc.les T o r  August-Deccmbcr 1984 at X C R X S A T  C-trc, P - r p b - ,  
I-dia. 
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The similarity in moth e t c h e s  in Oct--c 1984 and -t--c 1987 <24061 and 
25153 res-ctively>, and the timing of these two events in relation to  the 
drought period, highlight the relative importance of climatic factors versus 
long distance migration in dete-ining the abundance of H- a r r r z r ; q r e r a  at  
ICRXSAT e n t r e -  The influxes of migrating mofhs were similar a t  the 
beginning <1984/85> and at  the end <1987/88> of the four year drought- 
Through subsequent breeding the migrant moths presumably contributed 
equally to the build up of the local population, first in 1984 and then in 1987- 
However. the data show that the pest load on ICRISAT's mandate crops was 
significantly lower at the onset of drought than at  the end of the four years of 
water deficiency= 2 18- 1 X 103 larvae ha-' in 1984 / 85 and 638-9 X 10' larvae ha-' 
in 1987 / 88 (Table 1 >- n e  evidence thus suggests that the long-range migration 
which occurred did not play a major role in the population dynamics of 
H- arrtrigeru in 1987 / 88. It therefore follows that the direct and indirect effects 
of drought on the insect's life system promoted high population growth. -is 
drought mediated process steadily built up across several dry years and 
eventually culminated in severe outbreaks of H- armigerez at  XCRISAT Center 
and in other parts of Andhra Radesh in 1987 / 88- Moth dispersal and short- 
range flights (5--40 km> effectively ensured that the situation on ICRISAT 
farm partly mirrored the insect-host plant-environment interactions occurring 
in the surrounding countryside affected by drought- 
The effect of drou-ht on natural enemies of )/- ~rm/gorrr 
Altogether 77 parasitoids and 33 predators have been recorded on H- arrtrigeru 
in India CManjunath ez el. ,  1989)- It may be argued that the increased 
temperatures and decreased humidity associated with drought might reduce 
the numbers and efficiency of the pest's natural enemies and thus allow the 
pest to multiply unchecked- -at little data we have on natural enemy 
abundance in dry and wet years are shown in Tables 4 and 5 -  Light trap records 
show that TemelucAa sp. was the only parasitoid wasp whose abundance was 
greater in wet years than in abnormally dry seasons. However, ten year 
ICRISAT records obtained by the Cropping Systems Entomology group 
show that levels of larval parasxtism by Temelucha sp- do  not exceed 1% per 
season on each of ICRISAT's m a n d t e  crop (C-S- Pawar-unpublished data>- 
-is r'xatural enemy therefore plays a minor role in regulating H- urmigeru 
populations,-ven under optimal environmental conditions- As can be seen 
from the figures given in Table 5 Campoletis chloridepe, which feeds on 1-3 
instar I a ~ a e ,  is a much more important biocontrol asent of 33- arrrrigerez- 
ZCRISATs endemic, 1-a1 pest population is at  least partially reguhted by 
TABLE 4 
The relationship between rainfall and the abundance of parasites of Helicoverpa annigera at ICRISAT Center, Patancheru, Andhra Pradesh, India, 
1981-1986. 2 2 
u 
June-October June-May 
Year Rainfall (mm) Temelucha Barichneumon Enicopsilus Rainfall (mm) Temelucha Barichneumon Eniropsilus 
!i 
z 
June-October SPP. SPP . SPP. June-May SPP- SPP. SPP- > (1
(f long-term (2 long-term 
average) average) 3 rn 
1983-84 1021.2 3758 18 11 1 1096.2 5259 66 358 % 
(+52.4%) (+40.%) 
1984-85 591.3 466 59 1038 670.3 1142 % 1422 
(- 1 1 -7%) (-14.3%)" 
E 0
0 
1985-86 477.0 185 67 252 617 286 71 398 
(-28.8%) (-21 .I%) 1 
Note  Thc aatural enemies of H. amtigeraareall larval parasites(Hymen0ptera: 1chneumonidae)and were captured in the light traps on ICRISATfarm. 2 L 
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TABLE 5 
-nual pc-ncagt larval pa-i tism or H e l S e e y c r p o  a r r r r S ~ e -  b y  Ccrmpe#er#s E~#W&&- 
< H - c m o p t c r a :  Ichtleumo-i-e> in crops -0- on ICRISAT farm <June-my>- 
1983--84 198-5 1985-S6 
<ex-- rainfall, (deficienr rainfall> <dtficicn+ rairrZ.111> 
Pieeonpea 6-6 2-6 - 
(2 1 => (548, - 
Pearl millet 25.8 10.3 84-5 
(97, c=> <2-> 
Sorghum 84.5 57-0 56.0 
C 187, <121> (325, 
Chickpea e . 5  30.0 22-9 
(155, C-5 1 > <1605> 
Nares: Values in parcnfhescs indicate the total numbcr of larvae <1-3 insfars> ex~mined. 
-5ndicaccs dafa not available. 
this parasitoid wasp. However, trends in percentage parasitism across crop 
backgrounds and dry versus wet years are not uniform (Table 5>. Whilst levels 
of larval parasitism are lower in dry years on sorghum and chickpea 
backgrounds, the trend on  millet is the exact opposite i-e. higher larval 
parasitism in abnormally dry years. -ere is thus no clear-cut evidence for the 
debilitating effects of drought on key natural enemies of H- ar-igercl in this 
context- In the absence of a longer run of years we therefore assume that there 
are no significant differences attributable to parasitoid activity between the 
two sets of seasons <dry versus wet>- 
No data on changes in predator abundance in dry and wet years are 
available for ICRISAT farm- Ecophysiological studies suggest that hot and 
dry weather does increase the mortality of generalist predators like Geocoris 
pu~2crrpe.s <Say> <Hemiptera= Lygacidae,, R e d u v i o Z u s  roseipenrris <Reuter> 
<Hemiptera: Nabidaej and workers of Solenopsis invicra  Buren <Hymenoptera= 
Formicidae, <Cohen 1982; Mack et a Z - ,  1988>- None of these predators feed on 
X- e c r r r r r i g e r a  in India <Manjunath e-r el-, 1-89, but their thermal and hygric 
adaptations may be similar to those of closely related species that do  prey on 
this pest in Ixxdia- However, the results of these ecophysiological studies on the 
water and temperature relations of these predators may c-aerate the 
importance of insect mortality in hot and dry conditions be-use they are not 
complement& by in situ studies of predator beaviour  in desiccating 
conditions- Many predators of X- a-igera in India arc furtive inserts that 
spend much of their time near the soil surface h plant litter e-g- Gccr~uris pp- 
Although the temperature is high near the ground, the humidlty is slao 
high-smially in soil fissu-s or h the plant litter which many gcntralist 
predators actively seek as pa- of their water b a l a n c i n g  =daptations- 
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Moreover, there is generally little evidence that predators and parasitoids 
do  regulate - arrrtigera populations on an area wide basis <Fit=, 19893- The 
mobility and high rate of increase of H- arrrrz~era --it rapid coloni-tion 
and population growh in new habitats- Under these conditions, the capacity 
of natural enemies to respond functionally and numerically to changes in the 
pest's abundance is overwhelmed <Price, 198 1 ; Fitt, 1989>- 
DISCUSSION 
The exact reasons why drought favours high pest mpulation growth are not 
kno-. Several case studies indicate that drought stressed plants are more 
susceptible to damage by some insect v s t s  <Mattson & Haack, 1987, and 
references therein,. The physical and physiologi-1 changes induced by water 
deficits can make wild and cultivated host plants more vulnerable and 
acceptable to SzT- armr'gera. Thus. when subjected to drought stress many of the 
cultivated and wild host plants on which H- armisera reproduces in and 
around ICRISAT Center accumulate high concentrations of proline, reducing 
sugars and other metabolites involved in osmotic adjustment- Selected 
examples are given in Table 6. Due to lack of information, Table 6 includes 
data for only one of the pest's wild host plants. Rhyrrchosia mimima- However, 
the biochemical response of wild host plants to drought is probably similar to 
that of the cultivated host plants of SzT- armigera <Kramer, 1983>. 
Electrophysiological and behavioural studies on H- armigera have shown 
that some of these osmol-es (e-g-, proline, fructose, sucrose, glucose> 
stimulate the feeding activity of adults and larvae as well as the mating success, 
fecundity and longevity of female moths <Blaney & Simmonds, 1988,- When 
the concentrations of these osmolytes increase in host plants as water deficits 
intensify <ICRXSAT, 1990; Pimbert, unpublished data>, the insect's feeding 
behaviour is correspondingly stimulated- The instar larvae probably 
benefit most from the drought-induced improvements in food quality and in 
the chemical cues involved in host selection behaviour- Young caterpillars 
normally have a very low chance of obtaining sufficient nitrogenous food 
when they first try to feed- This is partly why the first instars experience high 
-0-lity, as shown by life table studies of ZZ- armizercz <Fitt, 1989,- Feeding 
on drought stressed plants scattered over large areas would thus improve early 
instar survival and enhance the gro-h. developmental rate and fecundity 
of H- e-f..era.. In many areas of south India, 23- arrrtigera does not threaten 
cultivated crops untLl the second, third or even foueh generation- Intermittent 
or prolon~ed droughts that favour the build up of B- armieera populations 
through improved nutrition early 5xa the season on -Id host pEsnts will be 
psrtly r-ponsible for the high -t damage inflicted on crops lster the 
-son - 
TABLE 6 
Species 
Changes in the nitrogen and carbohydrate fractions of host-plants of Helicowrpu amigera in mponse to water deficits. 
Nitrogen fraction Carbohydrate fraction 
Organ or Fraction Organ and Fraction 
tissue and trend tissue andtrend References 
Ltavts R o  + Leaves Fructose+ Ford(1M) 
Sucrose + 
rnositol+ 
h r c s  R o  + k v e s  1 6  to1 + Ford ( 1984) 
Leaves R o  + Nageswara Rao ez al. (1981) 
h v t s  R o  + Ltaws Fructose + Sivuamakrisbrton el 01. (1988); 
G l u m  + Jones ct al. (1980) 
stwxOsc+ 
Tomato 
(Lyqersictcm esculenturn) 
Sunflower 
~e1iicurthu.s annws) 
s 0 y . k  (Glycirre max) 
Mung bean 
&at0 
-I= (Rgna ungiucuIata) 
Maize @a mays) 
~ j m d o s i a  minima 
Lea- R o  + Leaves Glucose + McMichael & EImorc (1977); 
Fructose + Cutler et at (1977) 
sucrose + 
Leans Pro + 
All parts Fro + 
Leaves Pro + 
Asp + 
Leans Pro = 
Leaves Pro = 
Leaves Pro + 
Leaves Starch - 
su&ars + 
haves Sucrose + 
Leaves Inositol + 
Leavcs Inositol + 
Sucrose + 
Fructose + 
h v c s  G l u m  + 
sucrose + 
b i t 0 1  + 
Aloni & Rosenschtein (1984) 
Jones rt al (I  980) 
Ford (1984) 
Ford (1984) 
Ford (1984) 
Pahlich d Grieb (1983); 
Barlow ct 01. (1976) 
Ford (1 984) 
&-: h: Proline; Asp: Asparagine; +: increase; -: decrease; =: no change. 
-is interpretation blends into a more general theory of plant h-t 
interactions that identifies plant nutritional quality as a major factor h the 
population dynamics of herbivorous irrsects <Chaboussou, 1967; House, 1-67; 
Mattson. 1980; Slansky & Rodriguez, 1987>- It has been suggested (Chabous- 
sou, 1967, 1985; White, 1976, 1978. 1-84, that insect populations re-- a t  
low ab-dance because of high early mortality resulting from starvation while 
feeding on nutritionally inadeq-te plant material- White ( 1984>, h parti~ulsr. 
argued that insect outbreaks are caused by weather induced p h n t  water strcss 
that improves the nutritional quality of plants and hence insect survival and 
population growth- 
The higher air and host plant temperatures associated with drought may 
also have provided a more favourable thermal environment for the growth 
and reproduction of 25K a-igera- The insect's ability to find its host plants 
may have been improved as a result of drought induced changes- Vegetative 
growth slows or ceases along with pretein and leaf chlorophyll syllthesis h 
drought stressed plants CKramer, 1983,- This causes changes both in the esual  
part of the smctrum and the infra-red wavelengths- Nocturnal insects like 
U- armigera which may rely on far infra-red wrception to locate their host 
plants would be favoured by the higher infra-red radiation associated with leaf 
temperature changes under conditions of water def3cit- It 3s interesting to note 
that the closely related-- zea does rely on far infra-red electromagnetic cues in 
host finding <Callahan, 1965 a,b)- However, further research is needed to 
determine the role of infra-red perception in the host selection behaviour of 
U. armigera and examine how these visual cues are modulated by drought- 
Drought may also have improved the detoxification systems of-- armisera - 
With the sudden influx of insecticide resistant moths at XCRISAT in 1987. 
plant protection measures were unable to cope with the rapid multiplication 
of H- arrrsrgera (ICRISAT, 1988,- It is therefore difficult to dissociate the 
relative influences of drought and ineffective insecticide control on the pest's 
abundernce in the 1987 outbreak year- However, it is interesting to note that 
the more virulent insecticide resistant insects proliferated during the recerat 
drought years in Andhra Pradesh <A-B-S- King. personal communication 
1988; McCaffery e r  al-, 1989,- LZ?le extent and severity of insecticide resistance 
declined dramatically one year later during the "wetter" 198-90 season- 
despite the farmers' continued reliance on pyrethroids and endosulfan to 
control this pest in Andhra Pradesh (ICRXSAT, 1989; King & Sawicki. 1990>. 
Both the elevated temperatures associated with drought and the improved 
nutritional properties of drought stressed plants can enhance insect dctoxi- 
fication systems, at least with respect to some toxicants <Mattson & Haack. 
1987)- Increasing temperatures have thus been reported to reduce the 
susceptibility of the grasshopper A M e Z a f z o p Z s  safzqsa%zipes to  py-rethroid 
insecticides CHinks. 1985,- Moreover, nutrition may also influence pesticide 
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penetration and target site sensitivity in ways that are iittle undeTStood 
<Campbell & Hayes. 1974)- Further research should clarify the role of drought 
mdiated processes in facilitating the spread of insecticide resistance b 
z- armfsera ypulations in the semi-arid tropics- 
Implications 
Drought appears to have a profound influence on the regional abundance of 
N- armisera in the semi-arid pams of India. Wowever, from a methodological 
point of view. climatic factors cannot be meaningfully considered in isolation 
from the water cycle and the way water is managed in semi-arid India- The 
impacts of monsoon failure and erratic rainfall on the dynamics of 
H- ar).rzisera reciprocally interact with various forms of man-induced drought 
in India. Many of the ecological processes that maintain the stability of the 
water cycle in these dryland environments arc indeed being rapidly degraded 
through inappropriate land and water management policies; the promotion 
and preferential irrigation of water intensive cash crops, pumping of ground 
water beyond limits of recharge, diversion of organic manure from large areas 
of land to feed cash crop soils, deforestation . . . (Bandyopadhya, 1989; Gupta, 
1986; Postel, 1989; Shiva 1988,- Rainfall shortages may therefore have merely 
revealed the latent crisis in water management in the drylands of India and 
exacerbated already existing effects of water deficits on the plant-insect 
relationship described here- Rainwater, surface water, soil water and ground- 
water are, after all, inseparable and a r t  linked to each other through processes 
of infiltration, percolation, evapotranspiration etc. The essential unity of the 
water cycle is such that water scarcity exists wherever and whenever the links 
in the cycle are broken or destabilised. 
Thus, although our analysis has focussed on fluctuations in rainfall, we do 
recognize that a more holistic analysis may reveal that rainfall shortages play a 
role as an aggravating factor in outbreaks of H- armizerdz, the root causes of  
which are to be found elsewhere <i.c., in policies and development choiccs that 
lead to man-induced drought through destabilisation of the water cycle>- In 
this connection, the structural approach developed by the "Drought and 
Man" project of the International Federation of Institutes for Advanced 
Study offers much scope for furthering our understanding of the processes 
described here <Garcia & Spitz 1986,- 
Xn te-s of -st management, the main implication of o u r  findings is t b t  
water consewation measures m a y  need to be i~ltcgrated in an overali p l a n  o f  
insect control in dryland India- 
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